In a rural hospital of Bangladesh, in-hospital mortality rate after STEMI is high in spite of thrombolysis and adherence to published guidelines. The prolonged pain-to-door time and the poor coverage of ambulance services in our study highlight the need of community awareness of acute coronary syndrome and comprehensive emergency medical services in rural Bangladesh.
Introduction
Cardiovascular disease takes the lives of 17.7 million people each year, and estimated 31% of all deaths worldwide with over 75% of cardiovascular deaths occurring in low-income and middle-income countries (LMIC) [1, 2] . During recent decades, Bangladesh has experienced a rapid epidemiological transition from communicable to noncommunicable diseases [3] . Of these, being the fourth leading cause of death in Bangladesh, ischemic heart disease claimed 50,700 deaths in 2012 [4] . ST elevation myocardial infarct (STEMI) is a life-threatening heart disease, particularly with high early mortality rate if not treated properly. Despite global agreement on most issues related to the management of STEMI, clinical practice and outcome after STEMI varies with a great deal between countries and regions [2, 5] . Moreover, in rural areas of Bangladesh, most patients with STEMI have little access to thrombolysis or primary coronary intervention, because very few rural hospitals are ready to treat STEMI patients. Bangladesh is one of the LMICs with an estimated population of approximately 161.9 million, and with 71.6% living in rural settings. [6] Nevertheless, there are few publications in regards to the clinical management and socioeconomic evaluations of STEMIs for populations that reside in low income rural Bangladesh. The aim of this study therefore is to decrease the gap of knowledge regarding the care for these patients by evaluating the inhospital clinical outcome of patients with STEMI who were treated in a rural hospital in a low-income setting of Bangladesh.
Materials and methods

Data collection
The authors conducted a retrospective chart review of clinical data from January 2010 to December 2016 of patients diagnosed with STEMI at a primary care hospital in rural Bangladesh. This study was reviewed and approved by LAMB hospital ethics committee (#1/REC/ 19, January 20, 2019). Patients were identified with assistance from the hospital's medical information system by searching the records for charts containing the ICD-9 code for STEMI. The patient clinical data including ECG results, medical management in regards to adherence to hospital STEMI guidelines, thrombolytic or defibrillator use, IJC Heart & Vasculature 23 (2019) 100376 transthoracic echocardiogram results, patient co-morbidities, risk factors, and in-hospital mortality, major adverse cardiovascular event (MACE) were reviewed. MACE was defined as composite mortality, re-infarction, stroke, and target vessel revascularization (TVR). Failed thrombolysis could not be defined well in our study because coronary angiography was rarely done among our patients. To assess the adherence to 2013 ACCF/AHA guideline for the management of patients with STEMI, the utilization of dual antiplatelet therapy (DAPT), angiotensin converting enzyme inhibitor (ACEI), beta-blocker and statin was counted [7] . In addition, socioeconomic data including patient use of financial subsidy, demographic data including location, financial income, and means of transportation to hospital were also recorded. Patients' address information was matched on Google map to determine latitude and longitude for geographic analysis.
Hospital care setting
LAMB hospital is a 150-bed capacity hospital in a rural area of Dinajpur district, Bangladesh. The population of the district is approximately 3 million with three hospitals (including LAMB hospital) which can offer thrombolysis for STEMI patients in this region (Fig. 1) . In our limited resource, 12 leads-ECG machines, cardiac monitors, defibrillators, oxygen supply and transthoracic echocardiography were utilized, but a percutaneous coronary intervention (PCI) facility was not available. The nearest PCI centers are located at 1.5 hour-distance by car.
The published guidelines for STEMI management were implemented for patient care [7] . Streptokinase was the only available thrombolytic agent in our institute. Junior doctors, hospital paramedics and nurses were trained with a summary of the guidelines. At least one senior physician was available for the management of STEMI 24 h per day.
Socioeconomic assessment and support
Social workers evaluated patients' income and asset comprehensively after admission. The patients' socioeconomic status was divided into 6 groups according to the composite income on the evaluation. Patients who could not pay the bill for treatment received a subsidy in accordance with financial ability from a charity fund which was named as 'poor fund'.
Statistical analysis
The socioeconomic, demographic data, along with risk factors, therapeutics used, diagnostic tests ordered, left ventricular ejection fractions (LVEF), defibrillator use and outcome, infarct territory, mortality outcomes were presented as standard descriptive statistics. 
Results
Patient demographics and risk factors
During the study period of 7 years from February 2010 to December 2016, 12,513 patients (1787.6 patients per year in average) were admitted to the internal medicine department. Of these patients, 164 patients (1.31% of the total admitted patients) had been recorded to have the diagnosis of STEMI (Table 1) . On the review of ECG findings, all of 164 patients met the clinical and ECG diagnostic criteria of STEMI as described by 2013 ACCF/AHA guidelines [7] . 28 patients (17.1%) were not eligible for thrombolysis mainly because of delayed arrival to hospital. The average age of STEMI patient was 57.07(±12.40) and of these women represented 25% (41/164) of study participants. Smoking appeared to be the most common risk factor (83/164, 50.61%). Non-thrombolysis group has significantly more female patients, compared to Thrombolysis group (Table 1 (Fig. 1) . 52.44% (86/164) of the patients traveled by manpowered vehicles (rickshaw or vangari) and there was no significant difference between Thrombolysis group and Non-thrombolysis group in terms of the mode of transport (Table 1 ). Only 5.49% (9/ 164) of STEMI patients were transported by ambulance. None of the local ambulances offered emergency medical services by trained paramedics.
Socioeconomic status
The monthly income b9000 taka (106 US dollar) was considered as the poverty threshold in our hospital. 55.49% (91/164) of patients were below the poverty threshold (Table 1) . 12.20% (20/164) of patients eluded financial assessment by social workers.
Management and outcomes
Non-thrombolysis group has significantly prolonged pain-to-door time (25.83 ± 29.20 h) when compared to Thrombolytic group (4.17 ± 3.86 h) ( Table 2 ). The average door-to-needle time was 38.28 min, and 62.50% (85/136) of thrombolysed patients received streptokinase b30 min after arrival to hospital. 98.17% (161/164) of study subjects had dual anti-platelet therapy (DAPT). The overall utilization rate of beta blocker, ACEI, and statin was 64.02%, 84.15%, and 93.90%, respectively. The prescription rate of 3 drugs (DAPT plus ACEI), 4 drugs (3 drugs plus beta blocker), and 5 drugs (4 drugs plus statin) at the time of discharge was 83.54%, 59.76%, and 57.93%, respectively. 18 patients (18/164, 10.98%) received defibrillation due to ventricular fibrillation or sustained ventricular tachycardia ( Table 2 ). 9 of them (9/18, 50.00%) died after defibrillation.
The overall in-hospital mortality rate, MACE at 30 days after STEMI patients was 19.51% (32/164), 23.17% (38/164), respectively. Cardiogenic shock (18/32, 56.25%) was the most common cause of death, followed by ventricular arrhythmia (12/32, 37.5%) and intractable heart failure (2/32, 6.25%). No death was reported to be related with bleeding or anaphylaxis after thrombolytic therapy. There was no significant difference in terms of in-hospital mortality (17.86% vs 19.85%, P = 0.98) and MACE at 30 days (21.43% vs. 23.53%, P = 0.51) between Non-thrombolysis group and Thrombolysis group ( Table 2) . Bleeding complications requiring transfusion occurred in two cases (1.47%, 2/ 136) in Thrombolysis group. Stroke was noted in three cases (1.83%, 3/164). Of these, one patient experienced major stroke with poor neurologic outcome after thrombolysis and intracranial hemorrhage was clinically suspected. Only three patients (1.83%, 3/164) were referred to PCI capable centers. One patient received coronary artery bypass graft (CABG) after thrombolysis (Table 2 ). Thus, only four patients (2.44%, 4/164) had TVR after STEMI.
The average echocardiographic ejection fraction (EF) of STEMI patients was 45.37%. There was no significant difference in terms of EF, left ventricle end diastolic dimension (LVEDD) and left ventricle end systolic dimension (LVESD) between Non-thrombolysis group and Thrombolysis group ( Table 2) .
The comparison between the mortality group and the survival group showed no significant differences of age, sex, hypertension, diabetes, pain-do-door time, thrombolytic treatment, and diastolic pressure between the two groups (Table 3) . Initial presentation as shock, the need of inotropics, and defibrillation were more common in the mortality group in the chi square test (Table 3) . Nevertheless, the binary logistic regression analysis showed that only the use of inotropics (Odds ratio [OR] 16.43, 95% confidence interval [CI] 1.99-135.75, P b 0.01) and the requirement of defibrillation (OR 33.58, 95% CI 2.96-380.49, P b 0.01) were the independent predictors of increased in-hospital mortality, but shock on arrival wasn't ( Table 4) .
The use of ACEI (OR 0.04, 95% CI 0.01-0.27, P b 0.001) was an independent predictor of reduced in-hospital mortality (Table 4) . None of other medications such as aspirin, clopidogrel, beta blockers, and statin independently predicted lower in-hospital mortality. Even though smoking was more commonly found in the survival group, smoking was not an independent predictor of increased in-hospital mortality after adjustment by binary logistic regression (Tables 3, 4 ). Family income b9000 taka per month, female sex were not independently associated with increased in-hospital mortality or the risk of not being thrombolysed (Tables 4, 5 ). Delayed arrival was the only independent predictor of not being thrombolysed.
The log rank test showed no significant difference between Thrombolysis group and Non-thrombolysis group in regard to 30-days survival after STEMI (Fig. 2) . Thrombolysis group had significantly higher cost than Non-thrombolysis group, requiring more financial support ( Table 2 ). The cost of streptokinase was approximately 5000 Bangladesh taka (62.5 USD).
Discussion
Our study is a hospital-based audit in a low income setting in rural Bangladesh. Even though the mortality rate of STEMI is decreasing in Table 3 Mortality vs survival associations.
Mortality group (n = 32) Survival group (n = 132) P-value developed countries in last decade, this study shows that the patients after STEMI have increased in-hospital mortality in a rural area of Bangladesh in spite of evidence-based management.
High mortality despite thrombolysis and evidence based therapeutics
The average door-to-needle time was 38 min in our study. 62.5% (85/136) of thrombolysis group had DNT b30 min (Table 2) . Comparably, a study in Sri Lanka showed 42.3% of STEMI patients had DNT b30 min [8] .
17.07% of STEMI patients were not thrombolysed in our study. Delayed arrival appeared to be the independent predictor of not being thrombolysed in our study (Table 5) . DAPT, statin were applied N90%. The usage of beta-blocker at the time of discharge was quite low as 64.02%, compared to the other therapeutics. Since shock at the time of presentation was as high as 26.22% in our study, clinicians might have been reluctant to use beta-blocker in the fear of worsening shock or heart failure. 3 drugs (DAPT + ACEI) were applied for 83.54% of patients ( Table 2 ). The use of ACEI was the only independent predictor of reduced in-hospital mortality (Table 3 ). Other medications which were known to have survival benefit for STEMI patients failed to predict reduced in-hospital mortality in our study, most likely due to small sample size.
The binary logistic regression analysis showed that inotropics use, defibrillation were the independent predictors of increased in-hospital mortality, though shock at the presentation was not. We would explain this with several ways. First, the initial presentation of shock did not always require inotropics and significant number of patients had good clinical outcome in spite of shock at arrival. For example, of 43 patients who presented as shock initially, 26 patients (26/43, 60.47%) had inferior wall MI with/without RV infarct. 11.54% (3/26) of the patients with inferior wall/RV infarct and shock did not require inotropics and had good clinical course. Those who needed inotropics may have represented patients with more severe cardiogenic shock in our study than those who did not need inotropics. Second, small patients number may weaken the statistical power in our study.
Despite the use of thrombolysis and evidence based therapeutics, our study demonstrated a high mortality rate (19.51%, 32/164) when compared to a multi-center study conducted in Sri Lanka [8] where the mortality rate of STEMI patients was as low as 3.95%. There was no significant difference of in-hospital mortality rate between Thrombolysis group and Non-thrombolysis group. One small study on STEMI in a tertiary hospital of Dhaka in Bangladesh showed that mortality rate as high as 12% among the 50 STEMI patients with age N40 years [9] . We could not find any other information regarding the mortality rate after STEMI in rural Bangladesh in the literatures.
There are several factors which could explain the high in-hospital mortality rate. First, pain-to-door time was prolonged in our study. In the Sri Lanka study [8] the average time from symptoms onset to arrival was 190 min for the patients with acute coronary syndrome. In our study, the average pain-to-door time of all STEMI patients was 472 min. The average pain-to-door time of Thrombolysis group was 250 min, which might have diminished the benefit of thrombolysis on early mortality after STEMI. Second, our population had very poor coverage of emergency medical services (EMS). Even with 86.6% of STEMI patients coming from the area within 10 km of the hospital, b6% of patients had ambulance transport services, which may have caused delayed arrival to hospital. Previous studies demonstrated that the use of EMS significantly shortened pain-to-door time and door-tothrombolysis time [10] [11] [12] . One study showed that the paramedicreferred PCI benefited the STEMI patients with lower in-hospital mortality rate by means of rapid and effective reperfusion [10] . A welltrained and equipped EMS can provide early diagnosis, proper referral to proper cardiac centers and aspirin on spot, which is shown to reduce mortality rate of STEMI patients who are going through thrombolysis [13] . Community awareness to shorten pain-to-door time, more efficient EMS and equipping rural hospital for STEMI management would be a cornerstone to reduce early mortality rate after STEMI in rural Bangladesh.
Third, thrombolysis was the only mean of reperfusion in our study in a very low income setting. In a previous study in Denmark, PCI appeared to be superior to thrombolysis in terms of reducing mortality rate at 30 days after STEMI, when the patients were referred to PCI capable hospital within 2 h by means of reducing reperfusion failure [14] . The study in Sri Lanka showed that only 3.8% (23/604) of patients had PCI for reperfusion after STEMI [8] . In our study, none of the STEMI patients received primary PCI for reperfusion. Only 1.83% (3/164) of patients were referred for PCI in our study.
Economic issues
One study reported that the lack of medical insurance was independently associated with increased in-hospital mortality after STEMI [15] . The patients' income lower than national median was associated with higher in-hospital mortality in the study. Not to mention medical insurance in rural Bangladesh, 54.9% (90/164) of our study patients earn b9000 taka ($106 US dollars) per month. There was no significant association with lower income and in-hospital management or mortality in our study, possibly due to the institutional financial support for lower income family (Tables 3, 5 ). Thrombolysis group costed 186 US dollars per patient and required the greater amount of financial subsidy (Table 2 ). There was no previously published data elucidating appropriate and cost-effective practice for STEMI patients who are living with very low income in Bangladesh. More comprehensive data should be collected to know how to improve the clinical outcomes in a very low resource setting by means of clinical and community level interventions.
Gender issues
Though female sex was significantly more common in Nonthrombolysis group, binary regression showed that female sex was not an independent predictor of not being thrombolysed after STEMI in our study (Tables 1, 5) . A larger study may show the real association between female sex and the risk of not being thrombolysed in rural Bangladesh. It is known that women are more prone to presenting with atypical symptoms (fatigue, dyspnea, nausea, and abdominal complaints) during STEMI and more likely to have the delay in seeking medical care. Moreover, several studies showed that there were differences in terms of clinical presentation, applying evidence-based therapies and clinical outcomes according to gender [16] [17] [18] . Understanding social barriers for female patients to seek emergent medical treatment after STEMI in a low income setting would be crucial in regard to improving clinical outcomes of female patients. Sex was not independently associated with increased in-hospital mortality in our study (Table 3) , presumably due to small sample size and other confounding variables, while one study showed that the mortality rate of female patients after STEMI was two times higher than male counterparts [18] . More clinical and socioeconomic differences in female patients with STEMI should be scrutinized particularly in a low income setting in Bangladesh.
Limitations of study
First, this was a retrospective observation study in a rural hospital. Because of the small sample size, this study only partly depicts the real picture of STEMI treatment outcome in a rural community. Second, there may be other variables regarding pre-hospital conditions that were not measured specifically regarding decision-making process and reasons for the delayed arrival to the hospital. More community level information should be collected to understand the reasons of delay after STEMI. Finally, a long-term outcome could not be assessed in this hospital-based study.
Conclusions
This study in a rural hospital in Bangladesh showed that in-hospital mortality of STEMI patients remained high (19.51%) in spite of good adherence to therapeutic management guidelines. The need of inotropics and the use of defibrillation were independently associated with higher mortality rate. The use of ACEI was independently associated with lower in-hospital mortality. Prolonged pain-to-door time, lack of EMS may have contributed to the high prevalence of cardiogenic shock (26.22%) and increased mortality in our study. The effort to shorten pain-todoor time through community awareness and EMS on top of evidence-based management may reduce further early death after STEMI in a low income setting in Bangladesh.
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